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Introduction {#vde12764-sec-0008}
============

Feline allergic dermatitis (also referred to as hypersensitivity dermatitis, HD) is a chronic, noncurable inflammatory skin disease and frequent cause of over‐grooming, scratching and skin lesions. It represents a challenge for the veterinary practitioner in terms of both diagnosis and treatment.[1](#vde12764-bib-0001){ref-type="ref"} Although in dogs atopic dermatitis (AD) has been recognized and well‐described both clinically and immunologically, research in feline skin allergy is still in its infancy.[2](#vde12764-bib-0002){ref-type="ref"}, [3](#vde12764-bib-0003){ref-type="ref"} Flea and insect bite hypersensitivity and adverse food reactions are recognized, whereas environmental allergy (nonflea, nonfood HD (NFNFHD), also called feline AD or atopic‐like syndrome) is suspected when the former two are excluded, and remains incompletely defined.[3](#vde12764-bib-0003){ref-type="ref"}, [4](#vde12764-bib-0004){ref-type="ref"} The term "Nonflea hypersensitivity dermatitis" (NFHD) encompasses cats with NFNFHD and with nonflea‐food HD and has defined, validated diagnostic criteria.[4](#vde12764-bib-0004){ref-type="ref"} Cats with NFHD exhibit pruritus and at least one of the following patterns: head and neck excoriations/pruritus, self‐induced alopecia, eosinophilic diseases (eosinophilic plaques or granulomas, lip ulcerations) or miliary dermatitis. Clinical manifestations are not as anatomically site‐specific as in dogs and none of these reaction patterns is pathognomonic for NFHD in cats.[3](#vde12764-bib-0003){ref-type="ref"}, [4](#vde12764-bib-0004){ref-type="ref"}

Among the therapeutic approaches used for NFHD, glucocorticoids (especially in a tapering‐dose regimen) are often highly effective and widely used.[5](#vde12764-bib-0005){ref-type="ref"} Care is recommended when administering corticosteroids to cats, because of potential adverse effects, especially with long‐term use (including diabetes).[5](#vde12764-bib-0005){ref-type="ref"}, [6](#vde12764-bib-0006){ref-type="ref"}, [7](#vde12764-bib-0007){ref-type="ref"} Steroids are accepted as first‐line therapy for short treatment courses or seasonal pruritus; ideally alternatives should be sought for long‐term therapy, where possible using a multimodal approach.[6](#vde12764-bib-0006){ref-type="ref"} A multimodal treatment approach aims to combine different therapies to decrease pruritus and inflammation below the threshold of clinical signs, and concurrently allow for dosage reduction of anti‐inflammatory or immunosuppressive drugs.

Palmitoylethanolamide (PEA) is a naturally occurring lipid compound with antiallergic and anti‐inflammatory effects.[8](#vde12764-bib-0008){ref-type="ref"}, [9](#vde12764-bib-0009){ref-type="ref"} At the cellular level, PEA is known to down‐modulate cells (including skin mast cells, keratinocytes, macrophages and pro‐inflammatory T cells)[10](#vde12764-bib-0010){ref-type="ref"}, [11](#vde12764-bib-0011){ref-type="ref"}, [12](#vde12764-bib-0012){ref-type="ref"}, [13](#vde12764-bib-0013){ref-type="ref"} which are characteristic of feline allergic inflammation.[14](#vde12764-bib-0014){ref-type="ref"}, [15](#vde12764-bib-0015){ref-type="ref"}, [16](#vde12764-bib-0016){ref-type="ref"} A pilot study on cats with eosinophilic granuloma and eosinophilic plaque showed that a 30‐day oral treatment with co‐micronized PEA improved erythema, pruritus and alopecia, and reduced the extension and severity of skin lesions in \>60% of treated cats.[17](#vde12764-bib-0017){ref-type="ref"}

Our hypothesis was that PEA‐um could be usefully combined with a short‐course standard corticosteroid therapy and delay relapse after steroid withdrawal in cats with NFHD.

Methods and materials {#vde12764-sec-0009}
=====================

Study design {#vde12764-sec-0010}
------------

This study was designed as a double‐blind, placebo‐controlled, multicentre randomized clinical trial (RCT). The study did not have to be assessed for ethical standards under the Italian Minister of Health\'s Decree of 12 November 2011 (clinical testing of veterinary drugs) because PEA is classified as a feed material (and not veterinary drug) according to Regulation (EC) No 767/2009. Owners gave informed written consent for their cats to participate in the study and were free to withdraw their pet at any time without prior notice.

Animals {#vde12764-sec-0011}
-------

Twenty‐two Italian clinics with clinicians who were members of the "Skinalia Clinical Research Group" participated in the study. Client‐owned cats, 12 months of age or older, of any breed or sex, with moderate‐to‐severe nonseasonal pruritus and NFHD were selected, based on published diagnostic criteria for feline NFHD.[4](#vde12764-bib-0004){ref-type="ref"} "Nonseasonal pruritus" was defined as either (i) persistent pruritus lasting more than six months or (ii) waxing and waning pruritus lasting for longer than 12 months, taking into consideration that the pollen season never exceeds four months in the country in which the study was conducted.

To be included in the study, a minimum score of 4 cm on a pruritus Visual Analog Scale (pVAS) with behavioural descriptors (see [Clinical Evaluation Scoring](#vde12764-sec-0010){ref-type="sec"} below) was required. Moreover, cats had to fulfill the list of inclusion and exclusion criteria detailed in Table [1](#vde12764-tbl-0001){ref-type="table"}.

###### 

Eligibility criteria for cats to be enrolled in the study

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Inclusion criteria**
  Age ≥ 12 monthsWeight &gt; 3 kgDiagnosis of HD (fulfilment of five of eight Favrot\'s diagnostic criteria)[4](#vde12764-bib-0004){ref-type="ref"}Nonseasonal pruritus (both persistent pruritus lasting more than six months, and waxing and waning pruritus lasting for \>12 months)Moderate‐to‐severe pruritus (pVAS &gt; 4 cm)Regularly receiving antiparasitic prophylaxis, before inclusion (at least four weeks) and for the whole study durationMaintaining the same diet and environment before entering (at least four weeks) and during the studyOwner\'s statement to comply with the protocol and signed written informed consent
  **Exclusion criteria**
  Clinical evidence of bacterial, fungal, parasitic infections of the skin/ears; e.g. Malassezia dermatitis, dermatophytosis, demodicosis, otodectic mange (ear mites), notoedric mange (feline scabies) and cheyletiellosisPruritus from any origin but Hypersensitivity DermatitisClinical contraindications to corticosteroid treatmentPregnant or lactating catsOngoing dietary restriction‐provocation trialsAny concomitant treatment (e.g. antihistamines, essential fatty acids, ciclosporin, oclacitinib, antibiotics)Allergen specific immunotherapy begun \<12 months before inclusion
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Randomization and blinding {#vde12764-sec-0012}
--------------------------

Investigators and owners were blinded to treatment. Cats were randomized according to a computer‐generated list with a 1:1 ratio and four‐subject block size. Group allocation also took into consideration a stratification based on the prevalent clinical presentation in order to minimize heterogeneity of baseline covariates. Presentation patterns were the following: head and neck pruritus, self‐induced alopecia, miliary dermatitis and/or lesions of the eosinophilic granuloma complex (including eosinophilic plaque, eosinophilic granuloma and lip ulceration).

Study product {#vde12764-sec-0013}
-------------

Palmitoylethanolamide (also known as Palmidrol INN, International Non‐proprietary Name) was provided in ultra‐micronized form (PEA‐um) and formulated as an oral suspension at a concentration of 60 mg/mL and supplied in 130 mL bottles with adaptor and oral graduated syringe. The placebo contained vehicle only and was indistinguishable from the active product for rheological, organoleptic, dosage and packaging features. PEA‐um and placebo were administered once a day by the owner from the beginning to the end of the study, with the exception of follow‐up. Owners were instructed to administer the oral suspension according to the following directions: (i) shake well; (ii) insert the syringe into the bottle adaptor; (ii) turn bottle upside down; (iii) pull plunger to extract the required dose (1 mL in cats ≤4 kg and 1.5 mL in cats \>4 kg); (iv) remove syringe; (v) administer directly into the cat\'s mouth.

Study protocol {#vde12764-sec-0014}
--------------

The study was organized in the following phases (detailed timeline in Figure [1](#vde12764-fig-0001){ref-type="fig"}).

![Timeline of the study.\
The day of worsening (Dx) was recorded provided that the investigator confirmed the fulfilment of worsening criteria at the clinical visit.\
If the skin condition got worse during during follow‐up, the owner assessment was considered sufficient. GAS, owner Global Assessment Score; MP, methylprednisolone; pVAS, pruritus Visual Analog Scale; SCORFAD,SCORing Feline Allergic Dermatitis scale.](VDE-30-387-g001){#vde12764-fig-0001}

Phase 1--Four weeks, days 0--28. At the beginning of this phase, cats were randomized to PEA‐um (about 15 mg/kg once daily per os) or placebo, and treatment was started accordingly. All cats also received a two week methylprednisolone p.o. treatment course (Medrol Vet, Zoetis; Rome, Italy; 4 mg once daily for cats ≤5 kg; 6 mg once daily for cats &gt;5 kg). On Day (D)14, cats fulfilling at least two of three improvement criteria (see Figure [1](#vde12764-fig-0001){ref-type="fig"}) had methylprednisolone administration reduced to every other day. If, at the end of the following two weeks, the skin disease was still under control (please refer to D28 improvement/maintenance criteria in Figure [1](#vde12764-fig-0001){ref-type="fig"}) methylprednisolone was withdrawn and the cat moved into Phase 2. Otherwise, it exited the study and was considered a methylprednisolone nonresponder.Phase 2--Eight weeks, days 28--84 (maximum duration). During this phase, cats were maintained on PEA‐um or placebo only and kept in the study until relapse occurred (please refer to the final visit worsening criteria in Figure [1](#vde12764-fig-0001){ref-type="fig"}).Follow‐up--Four weeks, days 84--112 (maximum duration). Cats that did not relapse during Phase 2 entered a follow‐up period until the owner judged the clinical condition "much worse" or until the study end (Week 16), whichever came first. No treatment was allowed during this phase.

Telephone interviews at regular intervals (Figure [1](#vde12764-fig-0001){ref-type="fig"}) were performed by the study monitor in order to verify compliance with the study protocol.

Clinical evaluation scoring {#vde12764-sec-0015}
---------------------------

Clinical evaluation was performed at days 0, 14, 28 and D‐final (relapse or D84; Figure [1](#vde12764-fig-0001){ref-type="fig"}) with the following scoring systems.

Pruritus VAS (pVAS); an unvalidated owner‐assessed feline scratching and licking Visual Analog Scale with behavioural descriptors (Figure [2](#vde12764-fig-0002){ref-type="fig"}); adapted from a scale for dogs.[18](#vde12764-bib-0018){ref-type="ref"} Given that a single best measure for the evaluation of pruritus severity, regardless of how the particular cat manifested signs of pruritus, was needed for analysis purposes, the higher of the two registered scores (licking or scratching) was considered at any time point. This was then substantiated by correlation analysis (see [Statistical procedures](#vde12764-sec-0013){ref-type="sec"} below). Figure 2Dual feline pruritus Visual Analog Scale (pVAS) (courtesy of Silvia Colombo)SCORing Feline Allergic Dermatitis (SCORFAD) scale; a validated tool for the assessment of skin lesion extension and severity in cats with HD.[19](#vde12764-bib-0019){ref-type="ref"}Global Assessment Score (GAS); a 0--3 global owner‐assessed score (compared to the previous visit, the clinical condition of my cat as pertaining to severity of pruritus and skin lesions is: 0, improved; 1, unchanged; 2, worse; or 3, much worse).

Outcomes and efficacy variables {#vde12764-sec-0016}
-------------------------------

Primary outcome was the time‐to‐relapse, defined as days needed for either lesions, pruritus or global condition to worsen after methylprednisolone withdrawal. In particular, relapse was determined if the cat fulfilled at least two of the following criteria:

2‐point or more increase of SCORFAD and score ≥42‐cm or more increase for pVASGAS = 3

Secondary outcomes were SCORFAD, pVAS and GAS scores at each time point.

The efficacy variables were (i) time‐to‐relapse, (ii) the change from D28 to the final visit in pVAS and SCORFAD scores, and (iii) the final visit GAS.

Tolerability {#vde12764-sec-0017}
------------

Tolerability was assessed by monitoring adverse events (AEs) and withdrawals at any time during the study. An AE was defined as: "any unfavourable diagnosis, sign or syndrome shown by the participant that either occurred during the study, having been absent at D0, or, if present at D0, appeared to worsen". Any AE was recorded whether or not it was considered to be related to treatment. All untoward effects that occurred during the study were recorded, together with their onset, severity and perceived causal relationship with the trial intervention.

Statistical procedures {#vde12764-sec-0018}
----------------------

Data were analysed using SAS v9.2 (SAS Institute, Cary; NC, USA). The level of significance was set at *P* \< 0.05. Demographic analyses were performed on all enrolled subjects, using descriptive statistics (mean ± standard deviation, SD). When analyses on means were carried out (for primary and secondary outcomes) mean ± standard error (SE) were used. The analysis of time‐to‐relapse following methylprednisolone withdrawal was performed through the Kaplan--Meier survival analysis. The log‐rank test was used to evaluate the difference between time‐to‐relapse values of the two treatment groups.

Kaplan--Meier analysis is based on the assumption that censoring (i.e. the condition in which the observation is incomplete) is independent from the likelihood of developing the event (which in this study was the relapse).[20](#vde12764-bib-0020){ref-type="ref"}, [21](#vde12764-bib-0021){ref-type="ref"} If the assumption is violated then the Kaplan--Meier estimator may be biased yielding incorrect inferences; furthermore, subsequent analysis such as log‐rank test also are inconsistent.[21](#vde12764-bib-0021){ref-type="ref"} Where the censoring time is positively correlated to the time‐to‐event, the latter is overestimated with a ceiling effect to the end of the study period. In order to avoid overestimation, the analysis of the complete dataset (without censoring) was performed having verified that (i) the censoring pattern was not related to treatment (Fisher\'s exact test and Student\'s *t*‐test were used to this end); (ii) factors other than treatment (i.e. reaction pattern, pruritus presentation and time from the first diagnosis) did not influence time‐to‐relapse (stepwise procedure on Cox proportion hazard model was applied accordingly); and (iii) secondary outcomes did not differ between treatment groups on censored subjects (the same model was used as in the main analysis on relapsed cats, see below).[22](#vde12764-bib-0022){ref-type="ref"}

All of the analyses pertaining to secondary outcomes were performed on complete observations (relapsed cats) and time‐to‐relapse. This was done both for homogeneity reasons and because analyzing the whole sample would have biased the effect, resulting in an overestimation. Changes in pVAS and SCORFAD scores following methylprednisolone withdrawal (between D28 and final visit) were analyzed using the generalized linear mixed model (GLMM). GLMM was used as no outliers were observed at a visual inspection of the data. The fixed effects in the model were treatment group, reaction pattern, pruritus presentation (waxing and waning/persistent) and onset (time from the first HD diagnosis). The random effect in the model was the animal.

Pearson\'s correlation was used to analyze the association between pVAS licking and scratching scores and between the higher of these sub‐scores and SCORFAD. The Wilcoxon signed rank test was used to analyze the effect of treatment on GAS at the final visit.

Results {#vde12764-sec-0019}
=======

Animals {#vde12764-sec-0020}
-------

Between March 2017 and February 2018, 57 cats were included. Thirty‐two were females and 25 males, all neutered except two females and two males. The mean weight was 4.9 kg (SD: 1.1; range 3.1--8.0) and mean age 5 years and 2 months (SD: 3.7 years, range 1--15). Domestic short hair was the most represented breed (n = 49, 86%); other breeds were two domestic long hair and one each of Chartreux, Thai, Devon rex, British shorthair, Scottish fold and Cornish rex. All cats but one were housed indoors only. The mean disease duration before study entry was 2.1 years (SD: 1.8; min 0.5--max 8.4). In 16% of cases, adverse reaction to food was excluded by means of a negative response to an elimination diet. Due to unwillingness of the owners to administer -- or of the cat to eat -- an elimination diet, food‐induced HD was not excluded in the remainder.

Basal clinical presentation {#vde12764-sec-0021}
---------------------------

Twenty‐eight cats (49%) had a single reaction pattern, the remaining (51%) presented with multiple associated patterns, five of which had three concomitant patterns. Symmetrical self‐induced alopecia was the most frequent clinical pattern (58%, n = 33, 22 of which presented the pattern as prevalent), followed by head and neck pruritus (53%, n = 30, 21 of which presented the pattern as prevalent). The relative frequency of clinical patterns at presentation is depicted in Figure [3](#vde12764-fig-0003){ref-type="fig"}.

![Numbers of cats and distribution of primary and secondary lesional patterns in cats with nonflea hypersensitivity dermatitis enrolled in the study.](VDE-30-387-g003){#vde12764-fig-0003}

Most of the study cats (n = 40, 70%) presented with waxing and waning nonseasonal pruritus lasting for over 12 months, and the remainder had persistent pruritus of over six months duration. The majority of cats (n = 46, 81%) presented a prevalent manifestation of pruritus (i.e. licking higher than scratching score or vice versa). There was a lack of correlation between the two scores (*r* = −0.0075). The higher of the two sub‐scores correlated better to SCORFAD score (*r* = 0.2262) compared to the individual licking and scratching sub‐scores (*r* = 0.0529 and *r* = 0.1895, respectively), and was thus used for all subsequent analyses.

Fourteen cats (24%) had mild‐to‐moderate pruritus (pVAS from \>4 to 6 cm), 30 (53%) had moderate‐to‐severe pruritus (pVAS from \>6 to 8 cm) and 13 (23%) had severe/very severe (pVAS \> 8 cm). At baseline, no statistically significant difference was found in mean pVAS score between PEA‐um and placebo groups (6.9 ± 0.30 cm and 7.3 ± 0.24 cm, respectively; *P* = 0.22). Moreover, mean pVAS scores were evenly distributed among clinical presentation patterns (*P* = 0.53), indicating that severity of pruritus was not associated with any particular clinical presentation.

The basal SCORFAD score ranged between 2 and 4 in 26% (n = 15) of cats, 5 and 6 in 35% (n = 20) and was \>6 in 39% of the study cats (n = 22). The mean severity of skin lesions at baseline was evenly distributed between PEA‐um and placebo groups (mean SCORFAD score 6.3 ± 0.37 and 6.0 ± 0.54, respectively; *P* = 0.87) and among clinical presentation patterns (*P* = 0.81), thus showing the lack of association between lesion severity and clinical presentation patterns.

Outcome analyses {#vde12764-sec-0022}
----------------

Figure [4](#vde12764-fig-0004){ref-type="fig"} illustrates the study flow chart including the number of cats remaining in the study at each phase and the reasons for dropping out. As shown in the figure, there was a large proportion of right censoring, with almost 40% of cats remaining relapse‐free by the end of the study, indicating that censoring time was not independent of relapse time. Complete data analysis (on relapsed cats, n = 25; 12 in placebo, 13 in PEA‐um groups) was performed accordingly for each outcome variable, after having verified the following necessary assumptions: (i) there was no statistically significant difference of censored data ratio and mean censoring time between groups (*P* = 0.56 Fisher\'s exact test and *P* = 0.46 Student\'s *t*‐test, respectively); (ii) the stepwise procedure showed that none of the tested variables but treatment affected time‐to‐relapse (*P* = 0.04, Cox proportion hazard model); and (iii) secondary outcomes did not differ between treatment groups on censored cats (no statistically significant difference at GLMM; see [Pruritus](#vde12764-sec-0018){ref-type="sec"} and [Skin lesions](#vde12764-sec-0025){ref-type="sec"} sections below). Eighty percent of the relapsed cats (20 of 25) had relapse assessed upon both veterinarian\'s (SCORFAD) and owner\'s criteria (pVAS and/or GAS); nine in PEA‐um, 11 in the placebo groups. The remaining cats (n = 5; one in placebo, four in PEA‐um treated groups) fulfilled the owner\'s criteria only.

![Flow chart of the study. AE, adverse event; IVP, investigational product (either PEA‐um or placebo); MP, methylprednisolone.](VDE-30-387-g004){#vde12764-fig-0004}

Time‐to‐relapse {#vde12764-sec-0023}
---------------

After methylprednisolone withdrawal, time‐to‐relapse in days was significantly longer in the PEA‐um treated group compared to placebo (*P* = 0.04; Figure [5](#vde12764-fig-0005){ref-type="fig"}). In particular, one month after methylprednisolone withdrawal, 46.2% of PEA‐um treated cats were still in the study compared to 16.7% of cats in the placebo group (Table [2](#vde12764-tbl-0002){ref-type="table"}). Six cats in the PEA‐um group and 10 cats in the placebo group did not relapse.

![Survival plot for time‐to‐relapse in days for cats treated with methylprednisolone and either PEA or placebo.](VDE-30-387-g005){#vde12764-fig-0005}

###### 

Number and percentage of cats with nonflea hypersensitivity dermatitis, treated with methylprednisolone and either PEA or placebo, still in the study at different time points after methylprednisolone withdrawal (D28). Only cats that eventually relapes are considered in this table.

  Time      PEA‐um   Placebo        
  --------- -------- --------- ---- ------
  D28       13       100       12   100
  Week 1    13       100       12   100
  Week 2    11       84.6      8    66.7
  Week 3    8        61.5      6    50
  Month 1   6        46.2      2    16.7
  Month 2   4        30.8      0    0
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Pruritus {#vde12764-sec-0024}
--------

By D28 (following four weeks of cotreatment with methylprednisolone and study product or placebo, depending on the treatment group) the severity of pruritus was significantly lower in PEA‐um compared to placebo‐treated cats (mean pVAS score 0.9 ± 0.22 cm versus 1.4 ± 0.50 cm; *P* = 0.03). As expected, pruritus scores worsened (*P* \< 0.0001) after methylprednisolone withdrawal (from D28 to final visit) regardless of the treatment group. However, pVAS worsened significantly less in the PEA‐um group compared to the placebo group (Figure [6](#vde12764-fig-0006){ref-type="fig"}). In particular, the mean increase of pVAS score after methylprednisolone withdrawal was 3.5 ± 0.94 cm and 5.7 ± 0.39 cm in the PEA‐um and placebo groups, respectively (*P* = 0.04). The effect of PEA‐um was not affected by (i) clinical presentation pattern (*P* = 0.90), (ii) disease duration before study entry (*P* = 0.88) or (iii) pruritus presentation (waxing and waning, or persistent) (*P* = 0.54). In censored cats no statistically significant difference between PEA‐um and placebo groups was found in the mean change of pVAS score after methylprednisolone withdrawal (−0.5 ± 0.79 cm and −1.1 ± 0.35 cm, respectively; *P* = 0.51).

![Change of pruritus severity of allergic cats in response to PEA‐um or placebo treatment, after methylprednisolone withdrawal.](VDE-30-387-g006){#vde12764-fig-0006}

Skin lesions {#vde12764-sec-0025}
------------

No difference was observed at D28 between the mean SCORFAD scores of the PEA‐um and placebo groups (1.5 ± 0.46 and 1.1 ± 0.34, respectively; *P* = 0.87). Following methylprednisolone withdrawal, the increase of mean lesional score was 3.0 ± 0.81 in the PEA‐um and 3.4 ± 0.58 in the placebo group, with no statistically significant difference between groups (*P* = 0.70). No difference was observed between groups in censored cats (−0.3 ± 0.57 and −0.3 ± 0.24 in the PEA‐um and placebo groups, respectively, *P* = 0.95).

Owner‐assessed GAS {#vde12764-sec-0026}
------------------

At the final visit, the owners judged PEA‐um to be superior to placebo in maintaining the effects obtained in their cats with methylprednisolone. In particular, 33% of the owners in the PEA‐um group, but none in the placebo group, judged that the clinical condition of their cat at the final visit remained unchanged compared to the condition observed after the 28 day treatment course with methylprednisolone (*P* = 0.05).

Tolerability {#vde12764-sec-0027}
------------

Ten cats were reported to have had AEs during the study, six of which were observed during the first phase of the study (i.e. methylprednisolone co‐administration). Four AEs were reported in the PEA‐um group and six in the placebo group. A total of four cats, evenly distributed between treatment groups, were withdrawn due to AEs. None of them was considered serious. An overview of AEs, including the perceived causal relationship with the trial intervention, is summarized in Table [3](#vde12764-tbl-0003){ref-type="table"}.

###### 

Overview of adverse events, including number, type and perceived causal relationship with the trial intervention for cats treated with methylprednisolone (MP) and PEA. +MP = phase I, with methylprednisolone administration; −MP = phase II, without methylprednisolone administration.

                                 PEA‐um         Placebo                                                               
  ------------------------------ -------------- -------------------------------------- ------------------------------ --------------
  Possible causal relationship                                                                                        
  Probable                       1 (polyuria)   0                                      0                              0
  Possible                       1 (vomiting)   1 (vomiting and diarrhoea)             2 (vomiting) and (drooling)    1 (vomiting)
  Unlikely                       0              1 (faecal impaction and inappetence)   1 (diarrhoea)                  1 (vomiting)
  Unclassifiable                 0              0                                      1 (drooling and inappetence)   0
  Total                          2              2                                      4                              2
  Resulting in study exit        0              2                                      1                              1
  Serious                        0              0                                      0                              0
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Discussion {#vde12764-sec-0028}
==========

To the best of the authors' knowledge, this is the first double‐blind RCT to demonstrate a significant effect of PEA on skin disease in cats. The Previous study that investigated the effect of PEA (as naïve or ultramicronized formulation) on pruritus of various origins and on skin lesions did not use a double‐blind randomized controlled design.[17](#vde12764-bib-0017){ref-type="ref"}

Palmitoylethanolamide is the parent molecule of aliamides and a congener of the endocannabinoid anandamide, with which it shares, at least in part, metabolic pathways and molecular targets.[10](#vde12764-bib-0010){ref-type="ref"} PEA is locally produced "on demand" in several mammalian tissues as a pro‐resolving agent able to boost resolution programmes during inflammation.[23](#vde12764-bib-0023){ref-type="ref"}, [24](#vde12764-bib-0024){ref-type="ref"} The antiallergic and anti‐inflammatory effects of PEA are known to be mediated through several receptors including the peroxisome proliferator‐activated receptor (PPAR)‐α and cannabinoid type‐1 and ‐2 receptors (CB1, CB2).[9](#vde12764-bib-0009){ref-type="ref"}, [10](#vde12764-bib-0010){ref-type="ref"} Interestingly, their expression is increased in the skin of cats with hypersensitivity dermatitis, suggesting that these receptors could represent new therapeutic targets for feline allergy.[25](#vde12764-bib-0025){ref-type="ref"}

The present study showed that co‐ and post‐administration of PEA‐um enhanced the anti‐pruritic effect of a short course of methylprednisolone treatment and was able to delay flares in cats with NFHD. This was (respectively) shown by the lower pruritus score both at D28 and at time of relapse, and the longer time to relapse in the PEA‐um compared to the placebo‐treated group. Interestingly, PEA‐um resulted in a milder worsening of pruritus after methylprednisolone discontinuation regardless of the clinical presentation (i.e. type of lesions, disease duration, pruritus frequency). A small trial on allergic cats investigated the ability of methylprednisolone to maintain remission on a tapering regimen.[5](#vde12764-bib-0005){ref-type="ref"} It was shown that after an 11 week long corticosteroid treatment period, six of 16 cats could be successfully maintained in remission with 25% of the effective induction dose, the others needing higher doses.[5](#vde12764-bib-0005){ref-type="ref"} Likewise, an open label study on hydrocortisone aceponate spray showed that after eight weeks of daily treatment 40% of 10 cats with presumed allergic dermatitis required daily therapy to maintain remission and none of them could be switched to atwice‐weekly regimen without relapsing.[26](#vde12764-bib-0026){ref-type="ref"} In the present study, cats on PEA‐um could be maintained relapse‐ and corticosteroid‐free for a mean of six weeks, a significantly longer duration compared to placebo. This finding has implications within the clinical setting, owing to the chronic nature of feline allergic dermatitis, the inherent need for permanent antipruritic and anti‐inflammatory treatment, and the time‐ and dose‐related increase in the incidence of adverse effects due to standard‐of‐care medications, including but not limited to corticosteroids. As depicted in Table [3](#vde12764-tbl-0003){ref-type="table"}, only two PEA‐um treated cats dropped out due to adverse events (both nonserious and gastrointestinal in nature), with the causal relationship between PEA‐um treatment and AE being considered "possible" and "unlikely", respectively. It is worth noting that no particular difficulties were encountered by owners in orally administering the liquid suspension (i.e. PEA‐um or placebo), only two cases of drooling being reported (Table [3](#vde12764-tbl-0003){ref-type="table"}). The fact that the formulation was designed to be palatable and the volume to administer was low (1 mL for a medium weight cat) might have helped to over come issues usually related to administering liquid formulations to cats.

Interestingly, PEA‐um co‐treatment during the four‐week tapering regimen of methylprednisolone yielded a significantly lower pruritus score compared to placebo co‐treatment. Although this was not a prespecified outcome of the study, and the effect was clinically small, it could suggest a possible steroid‐sparing effect of PEA‐um, which would favour its use in a multimodal approach for prolonging time‐to‐flare in the feline allergic patient. This result, possibly due to the immunomodulatory action of PEA‐um,[10](#vde12764-bib-0010){ref-type="ref"}, [11](#vde12764-bib-0011){ref-type="ref"} is worth further research.

The superior satisfaction of the owners of the PEA‐um‐treated cats over placebo, as expressed by the final visit GAS, supports the benefits of the aliamide in the management of feline NFHD.

The present study included some clinical information on feline NFHD, most of which agreed with previous reports. For example, the distribution of lesional patterns observed in the present study was similar to previous reports of NFHD, with self‐induced symmetric alopecia and head and neck pruritus being the two most represented patterns in either studies (approximately 50--60% of the total registered patterns), whereas eosinophilic diseases and miliary dermatitis accounted for about 20--30%.[3](#vde12764-bib-0003){ref-type="ref"}, [27](#vde12764-bib-0027){ref-type="ref"} Interestingly, the present study has shown that the severity of either pruritus or skin lesion scores was not associated with any particular presentation pattern. To the best of authors' knowledge, this is an unprecedented finding and suggests that, at least in this study sample, different clinical patterns typical of feline NFHD do not differ with respect to the severity of pruritus and skin lesions. Moreover, it also implies that stratifying by pattern, as provided for in the present study, might not be required for future trials in the field.

A limitation of this study is the lack of exclusion of food allergy. Only 16% of the cats were diagnosed as NFNFHD. Unwillingness of the owners to administer the elimination diet and dietary preferences of individual cats were the major reasons contributing to the decision not to enforce elimination diet trials as part of the inclusion criteria. It is not definitively known whether food‐induced allergic disease responds as well to oral glucocorticoids as nonfood‐induced disease.[5](#vde12764-bib-0005){ref-type="ref"} However, the study was randomized and all confounding effects, including possible food‐induced allergy, were evenly distributed to both treatment groups. Moreover, the maintenance of the same diet for at least four weeks before entering and throughout the study (which was part of the inclusion criteria; Table [1](#vde12764-tbl-0001){ref-type="table"}) limited, at least in part, the possible impact of food allergy on the results. In any instance, the impact would be unquestionably negative and making any beneficial effect more difficult to achieve in both treatment groups.

A further limitation of this study is the small sample size. Although 57 cats with NFHD were originally included, only 25 (13 in the PEA‐um group, 12 in the placebo group) were actually eligible for the analyses. Unresponsiveness to methylprednisolone (seven cases) and lack of relapse during the whole study duration (16 cases) were among the most important causes of sample size reduction. The high proportion of unrelapsed cats observed in the present study was unexpected and could have been caused by a seasonal pruritus of unusual duration or by an unexpectedly long spontaneous remission phase in waxing and waning pruritic cats.

The assessment of relapse in five of 25 cats was performed by the owners only, whose judgment was considered important for the evaluation of the clinical change, through GAS and pVAS. Pruritus is one of the main signs associated with NFHD; it is the first and easiest to be recognized by owners and is generally their chief complaint. When considering the "maintenance of an effect", the owner is the first person to perceive a clinical change and thus the best subject to monitor the disease after steroid withdrawal.

In conclusion, the results of the present study show that dietary supplementation of PEA‐um in cats with NFHD delayed relapse and improved the antipruritic effect of a short course of standard therapy. Although more work in a larger number of cats needs to be done, the findings suggest that PEA‐um might be a valid option in the multimodal management of feline NFHD.
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